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Introduction
Hepatocellular carcinoma (HCC) is the fifth most frequent cancer 

worldwide and the third most common cause of cancer mortality 
[1,2]. Currently, both the American Association for the Study of Liver 
Diseases (AASLD) and The European Association for the Study of the 
Liver (EASL) propose the Barcelona-Clinic Liver Cancer (BCLC) as 
clinical staging system of HCC [3,4]. Moreover, in clinical practice, 
the AJCC/TNM (7th edition) staging system [5] and the Cancer of 
the Liver Italian Program (CLIP) classifications [6] are also commonly 
used. Although these staging systems have been proposed for HCC, 
their discriminatory abilities remain a matter of debate [7,8]. 

Prevention and effective management of recurrence are the most 
important issues for improving overall survival (OS) after hepatectomy 
for HCC and, for this reason, researchers have investigated several 
clinical and pathological prognostic factors to identify patients at 
high risk of recurrence [9,10]. Currently, none of these factors can 
accurately estimate the risk of recurrence in patients undergoing liver 
resection for HCC. 

Recently, the efforts to identify prognostic factors for disease-free 

survival (DFS) and OS have focused on the genetic and molecular 
characteristics of HCC. The MYC proto-oncogene is one of the most 
frequently activated oncogenes in tumor cells and is estimated to 
be involved in up to 20% of all human cancers [11]. In HCC, MYC 
overexpression has been identified in about 70% of viral and alcohol-
related tumors [12], and several animal models pointed out that MYC 
is a key gene regulator involved in hepatocarcinogenesis [13]. MYC is 
a transcription factor that can influence approximately 15% of genes 
involved in metabolism, protein biosynthesis, cell cycle regulation, cell 
adhesion and cytoskeleton synthesis [14-16]. Moreover, MYC appears 
to affect angiogenesis, although it is unclear whether MYC directly 
regulates VEGF [17].
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Abstract
Recurrence after liver surgery for hepatocellular carcinoma (HCC) remains the major dismal event affecting 

patient’s overall survival (OS). Several studies on gene signature showed an association between MYC deregulation 
and poor prognosis. We aimed to analyze prognostic factors, including MYC status, for disease free survival (DFS) 
and OS, as well as to develop a new prognostic model for HCC able to predict the patient’s prognosis.

Methods: Sixty-three patients who underwent liver resection for HCC from January 2006 to December 2009 in 
a single division of the Department of Surgery at the University of Verona were included into this study. Predictors of 
DFS and OS were identified using univariate and multivariate survival analysis. The prognostic ability of our model 
was compared using Harrell’s c-index to current clinical staging systems (AJCC/TNM 7th ed., BCLC and CLIP).

Results: Predictors of DFS, in both univariate and multivariable analysis were number of HCC, serum AFP, 
and MYC status; these variables were included in a nomogram to predict DFS. Patients were classified into two 
groups (high- and low-risk group) according to their predicted 12-month risk of recurrence. Patients in low-risk 
group showed a 36-month DFS of 43% compared to 0% for high-risk group. Furthermore, patients in low-risk group 
presented a 36-month OS of 70% compared to 15% for high-risk group. Our model was included in AJCC/TNM 7th 
ed., BCLC and CLIP staging systems. When reclassified with our model, CLIP presented the highest predictive 
ability (c-index=73%) compared to the others staging-systems.

Conclusions: We developed a prognostic model for DFS after hepatectomy for HCC, based on MYC gene 
status and clinical features (number of nodules and AFP serum level). Our new prognostic model could have 
important clinical applications in selecting those patients who might have major benefits from surgical resection.
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MYC can be overexpressed as a result of two types of alterations: 
gene amplification involving the specific locus region 8q24 (i.e., an 
increase in the number of copies of a specific gene with respect to the 
whole chromosome) or polysomy (i.e., gains of the entire chromosome 
8). There is increasing amount of evidence demonstrating that these 
different mechanisms of dysregulation leading to MYC overexpression 
may impact patient’s prognosis [18-21]. Interestingly, MYC inhibitors 
and drugs targeting molecules involved in MYC pathways are being 
tested in different experimental and clinical conditions [22,23]. We 
demonstrated that the copy number status of MYC analyzed through 
fluorescence in situ hybridization (FISH) is an important prognostic 
factor in terms of DFS and OS for HCC [24].

Although different genetic signatures have been proposed 
for HCC [25], current clinical staging system do not include any 
molecular features of tumors [26,27]. We believe that a more detailed 
characterization of HCC based on gene status could improve the 
treatment allocation and the discriminatory ability of the common 
staging systems. 

We aimed (1) to analyze clinical and pathological predictors of DFS 
and (2) of OS as well as (3) to develop a new prognostic model for 
HCC and (4) to compare the performances of our model to those of 
the common clinical staging systems (AJCC/TNM 7th ed., BCLC and 
CLIP).

Materials and Methods
Sixty-three patients who underwent liver resection from January 

2006 to December 2009 in a single division of the Department of 
Surgery at the University of Verona were included in this study.

Non-invasive diagnosis of HCC was made according to the EASL 
consensus conference criteria [3]. The diagnosis of HCC was based 
on imaging techniques obtained by 4-phase multidetector CT scan or 
dynamic contrast-enhanced MRI according to the typical hallmark of 
HCC (hypervascular in the arterial phase with washout in the portal 
venous or delayed phases). While one imaging technique was required 
for nodules beyond 1 cm in diameter a more conservative approach 
with 2 techniques was recommended in suboptimal settings; invasive 
methods was performed in patients with uncertain diagnosis by fine-
needle biopsy.

The liver function was assessed preoperatively by laboratory 
parameters (bilirubin, AST, ALT, GGT, albumin, prothrombin time, 
creatinine level, serum sodium), Child-Pugh scoring system and 
indocyanine green clearance retention rate at 15 minutes (ICG R15). 
Portal hypertension was evaluated by assessment of esophageal varices, 
platelet count and splenomegaly.

Preoperative imaging included chest radiography, liver 
ultrasonography and abdominal-CT and/or abdominal MRI.

The decision to treat patients with surgical resection was determined 
in a multidisciplinary meeting (including gastroenterologists, 
oncologists and radiologists – Verona Multidisciplinary Hepatobiliary 
Oncological Group) according to EASL guidelines [4]. Selected 
cases with large, multinodular HCC (>3 nodules) or with Child-
Pugh B7 cirrhosis or with portal hypertension were discussed in 
the multidisciplinary meeting to evaluate the surgical resectability. 
During surgery, intraoperative ultrasonography was routinely used 
to confirm the preoperative diagnosis, to evaluate the relationship 
between the tumor and blood vessels and to evaluate the presence 
of additional tumors. The extent of resection was defined according 

to the Brisbane classification [28]. Type of resection included wedge 
resections, segmentectomies, bisegmentectomies, and major resections 
(more than or equal to three segments). Anatomical or nonanatomical 
liver resections were performed according to the extent and location 
of the tumor and hepatic function. Operative details were collected, 
such as type of liver resection and associated resections, presence and 
type of clamping, intraoperative blood loss and blood transfusion 
requirement. Clinical follow-up after surgery included using serum 
alpha-fetoprotein serum levels (AFP) dosage and ultrasonography/
CT every 6 months, suspected recurrences were confirmed with CT 
or MRI. 

Pathologic data included examination size of the largest tumor 
nodule and the number of satellite nodules, macrovascular and 
microvascular invasion, necrosis, status of extra-tumoral parenchyma.

Grade of differentiation was based on Edmondson-Steiner 
classification [29].

FISH to assess MYC gene copy number was performed as previously 
described [24]. MYC status was classified according to the ratio between 
the overall fluorescent MYC copy number signals and the centromeric 
control probe (CEP8) copy number: normal disomic status (2 MYC 
signals and 2 centromeric probe signals in >90% of nuclei), polysomic 
status (>2 MYC signals with >2 CEP8 signals in more than 10% of cell 
nuclei) and amplified status (>3 MYC signals in >10% of nuclei with 
2 CEP8 signals in more than 10% of cell nuclei). The MYC evaluation 
was performed in 5 different parts of the same tumor and in different 
tumors (for multinodular HCC) in order to evaluate the heterogeneity 
of the tumor. The percentages of cells with MYC status were evaluated 
in comparison to extralesional parenchyma. Experts in this field (liver, 
breast and renal cancer) performed the evaluation of MYC status (MB, 
AS and PC).

The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) recommendations were used as a reporting 
guideline to ensure a clear and complete report of the study’s design, 
conduct, and findings [30].

Statistical analysis 

The distributions of categorical and numerical variables between 
independent groups were compared using Fisher’s exact test and 
a Mann–Whitney U test, respectively. OS was defined as the time 
interval between treatment and either death from any cause or last 
follow-up. DFS was calculated from the date of treatment to either the 
date of the first radiological evidence of recurrence or last follow-up. 
Patients’ clinical data and, pathological and molecular features of HCC 
were investigated to identify important risk factors in term of DFS and 
OS. Survival curves were estimated using the Kaplan-Meier method, 
and differences between survival curves were tested using the exact 
log-rank test. Significant variables identified in the univariate analysis 
were subsequently used in the multivariable Cox proportional model 
for the development of a predictive score. The existence of statistically 
significant interaction terms was tested using the likelihood-ratio test. 
A p-value <0.05 was considered statistically significant. 

Clinical and molecular model

First, we developed a prognostic clinical tool including variables 
selected in the multivariable Cox regression model. A commonly 
accepted cut-off for early recurrence is not available in the literature 
[31]. We selected a 12-month threshold to underline the importance of 
HCC with aggressive progression [32]. A prognostic score for the risk 
of recurrence before or at 12 months after liver resection was estimated 
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using the above model. To make this procedure more easily accessible 
in clinical practice, we calculated the score using a nomogram. Partial 
scores were first computed for every prognostic factor, and then, they 
were summed to find the total predictive score for the risk of early 
recurrence. Finally, the total score was dichotomized (cut-off level 
= 95 points), and patients were classified as either low or high risk 
regarding the development of early recurrence (risk ≤ 50% and >50%, 
respectively). 

Regarding the discriminatory abilities of AJCC/TNM 7th ed., BCLC 
and CLIP were assessed by estimating a Cox model for OS (with the 
score as a unique covariate) and by measuring Somers’ Dxy rank 
correlation and Harrell’s c-index. The latter index is an extension of the 
receiver operating characteristic (ROC) curve area to survival analysis 
and is measured on a scale ranging from 0.5 (no better than chance) to 
1 (perfect prediction) [33]. 

A bootstrap (with 5000 repetitions) resampling validation was 
computed to avoid an optimistic estimation of the c-index. 

Statistical analyses and a graphical representation of the results 
were carried out using the R software for statistical computing, v. 3.0.2 
[34], with the following packages: survival [35], rms [36], and coin [37] 
(Figure 1).

Results 
Sixty-three patients included in the study had a median follow-

up time of 24.3 months (IQR=16.9–33.6). During follow-up, 20 
(31.7%) patients died, and 36 (57.1%) patients had a recurrence. The 
characteristics of the patients and the univariate and multivariate 
analyses for DFS are reported in Table 1. In both univariate and 
multivariable survival analyses the variables significantly related to 
DFS were: the number of nodules, the serum AFP level and the MYC 
status (Table 1).

Clinical and molecular model for DFS

Among the 36 patients who had a recurrence, 23 (63.9%) patients 
recurred within 12 months. A model to predict DFS was developed 
using a Cox multivariate model and included number of HCC (from 
one nodule to four), serum AFP levels (ng/mL) and MYC status. Figure 
2a shows a graphical representation of our model was to simplify its 
clinical use. The probability of early recurrence was showed on a 
2-dimensional plot, stratified by MYC status (disomic, polysomic or 
amplified), with the number of nodules on the x-axis and the serum 
AFP levels on the y-axis. A nomogram (Figure 2b) was used to predict 
the recurrent disease within 12 months: a total score can be calculated 
summing the partial scores of the three prognostic factors (AFP levels, 
number of nodules and MYC status). Two groups (high and low risk) 
of patients were identified using the predictions of our nomogram with 
a cut-off value of 95 points corresponding to a risk of recurrence at 12 
months>50%. According to our classification, 51 (80.9%) patients were 
in the low risk group, which demonstrated a 36-month DFS of 43.4% 
(95%CI=29.4%-64.0%) while 12 (19.1%) patients were in the high risk 
group that showed a DFS at 36 months of 0% (p<0.001), (Figure 2c). 

Clinical and molecular prognostic model and staging systems 
for overall survival (OS)

The variables related to OS in the univariate analysis resulted 
number of nodule, serum AFP level, albumin, PT, MYC status, and 
the risk of recurrence calculated using our predictive model (Table 2). 
In the multivariable analysis, the risk of recurrence calculated using 
our predictive model resulted the only variable significantly related to 

OS with a HR of 6.82 (95%CI, 2.72–17.1; Table 2). Despite only 19.1% 
(n=12) of patients were in the high risk class, two third (75.0%, n=9) 
of them died with an OS at 36 months of 15.0% (95%CI=2.8%-78.8%). 

Figure 1: FISH analysis on routinely available paraffin block: c-myc gene amplification in a neoplastic nucleus from 
hepatocellular carcinoma and normal nuclei as controls. HCC were classified into three categories according the 
number of MYC fluorescent signals (red) and the number of centromeric control probe (yellow). HCC demonstrated a 
normal disomic status when observing 2 MYC signals (red) and 2 centromeric probe signals (yellow), a polysomic 
status if we found >2 MYC signals (red) with >2 centromeric probe signals (yellow), and amplified status for >3 MYC 
signals (red) in with 2 centromeric probe signals (yellow).

Figure 1: FISH analysis on routinely available paraffin block: c-myc gene 
amplification in a neoplastic nucleus from hepatocellular carcinoma and 
normal nuclei as controls. HCC were classified into three categories according 
the number of MYC fluorescent signals (red) and the number of centromeric 
control probe (yellow). HCC demonstrated a normal disomic status when 
observing 2 MYC signals (red) and 2 centromeric probe signals (yellow), 
a polysomic status if we found >2 MYC signals (red) with >2 centromeric 
probe signals (yellow), and amplified status for >3 MYC signals (red) in with 2 
centromeric probe signals (yellow).

N (%) DFS (95% CI) at 36 
months pa HR  (95% 

CI) pb

Gender
   M
   F

48 (76.2%)
15 (23.8%) 

65.5% (40.8% – 90.1%)
41.0% (25.7% – 56.3%)

0.080

Age
   ≤70 
   >70

35 (55.6%)
28 (44.5%)

25.7% (7.8% – 43.5%)
11.6% (24.1% – 69.5%)

0.102

Nodule
   Single 
   Multifocal

43 (68.3%)
20 (31.7%)

43.8% (25.9% – 61.6%)
12.9% (0.0% – 33.7%)

0.003 1.52 (1.09 
– 2.13) 0.013

Size
   ≤3 cm
   >3 cm

19 (30.2%)
44 (69.8%)

49.9% (24.4% – 75.4%)
29.7% (13.0% – 46.4%)

0.330

AFP 
   ≤400 ng/mL
   >400 ng/mL

51 (81.0%)
12 (19.0%)

38.9% (23.0% – 54.8%)
27.3% (1.1% – 53.5%)

 0.010 1.36 (1.14 
– 1.63) <0.001

Albumin
   ≤35g/L
   >35 g/L

5 (12.7%)
58 (87.3%)

37.5% (0.0% - 93.5%)
35.6% (20.7% - 50.5%)

0.722

PT 
   ≤1.1 INR
   >1.1 INR

43 (68.3%)
20 (31.7%)

39.4% (23.5% - 55.3%)
30% (0.0% - 60.6%)

0.583

Bilirubin
   ≤2 mg/mL
   >2 mg/mL

59 (93.7%)
4 (6.3%)

36.9% (21.8% - 51.9%)
0.0% (NA)

0.550

Platelets
  ≤150000/mm3

  >150000/mm3
22 (34.9%)
41 (65.1%)

38.1% (14.4% - 61.8%)
32.9% (14.5% - 51.3%)

0.590

MYC status
   Disomic
   Polysomic
   Amplified

17 (26.9%)
34 (53.9%)
12 (19.2%)

63.8% (38.1% - 89.5%)
25.2 (5.9% - 44.4%)

15.0% (0.0% - 40.1%)

0.020

reference
3.29 (1.12 

– 9.73)
7.15 (2.19 
– 23.28)

0.031
0.001

a p-values were obtained using the log-rank test for Kaplan-Meier survival curves.    
b  p-values were obtained using the multivariate Cox proportional hazard regression 
model.

Table 1: Baseline characteristics, univariate and multivariate analysis for DFS of 
63 patients with HCC.
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Conversely, 80.9% (n=51) of patients were in the low risk class, which 
reached an OS at 36 months of 70.0% (95%CI=54.8%-89.6%; p<0.001; 
Table 3 and Figure 3).

Staging system subgroup analysis 
To investigate the role of our clinical and molecular model to 

predict OS, patients were preliminarily staged according to the clinical 
staging systems (BCLC, CLIP and TNM7th), as reported in Table 3 
and Figure 3. Specifically, 46 (73.1%) patients were classified as BCLC 
0-A with a 36-month OS of 67.4% (95%CI=51.1%–89.1%), while 
17 (26.9%) patients were in BCLC B with a 36-month OS of 37.2% 

(95%CI=18.2%–75.8%; p=0.01). According to the CLIP classification, 
36 (57.1%) patients were in stage 0 and showed a 36-month OS of 71.6% 
(95%CI=54.6%-93.9%); 27 (42.9%) patients were in stages 1-2 and had 
a 36-month OS of 40.8% (95%CI=22.7%-73.1%; p = 0.004). Forty-
three (n=43, 68.3%) patients were in TNM stage I with a 36-month 
OS of 66.6% (95%CI=50.2%-88.4%); 20 (31.7%) patients were in TNM 
stage II and presented a 36-month OS of 43.2% (95%CI =23.6%-78.9%; 
p=0.035). Compared to the other staging systems (BCLC, CLIP and 
TNM7th; Table 3), CLIP had the lower p-value.

Refinement of current clinical staging systems

Patients were restaged to determine whether our combined clinical 
and molecular model predicting recurrence could further stratify the 
different categories of CLIP, BCLC and AJCC/TNM (Table 4 and 
Figure 4). Among patients in BCLC 0-A, 42 (91.3%) were in the low risk 
class according to our clinical and molecular model with a 36-month 
OS of 70.0% (95%CI=53.2%-92.1%) and 4 (8.7%) patients were in 
the high risk class with a 36-month OS rate of 50.0% (95%CI=18.8%-
100.0%; p=0.05). In BCLC B, 9 (52.9%) patients were in the low risk 
while 8 (47.1%) in high risk classes; the 36-month OS resulted 71.1% 
(95%CI=43.3%-100.0%) and 12.5% (95%CI=2.0%-78.2%; p=0.036), 
respectively.

 In CLIP 0, all the 36 patients were in the low risk class; by contrast, 
in CLIP 1-2, 15 (55.6%) patients were in the low risk class, and 12 

 

  
Figure 2: Our novel clinical and molecular model: (a) graphical representation of risk of recurrence before or equal to 12 months 
stratified by c-myc status (disomic, polysomic and amplified), with number of nodules at x-axis and serum AFP levels at y-axis. (b) 
Nomogram, the sum of partial scores gives the total point score to predict the risk of recurrence before or equal to 12 months. (c) 
Disease free survival curves estimated by Kaplan-Meier method stratified by our classification in High Risk (>50%) and Low Risk 
(≤50%) of recurrence.
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Figure 2: Our novel clinical and molecular model: (a) graphical representation 
of risk of recurrence before or equal to 12 months stratified by c-myc status 
(disomic, polysomic and amplified), with number of nodules at x-axis and 
serum AFP levels at y-axis. (b) Nomogram, the sum of partial scores gives the 
total point score to predict the risk of recurrence before or equal to 12 months. 
(c) Disease free survival curves estimated by Kaplan-Meier method stratified 
by our classification in High Risk (>50%) and Low Risk (≤50%) of recurrence.

N (%) OS (95% CI) at 36 
months p a HR  (95% 

CI) p b

Gender
   M
   F

48 (76.2%)
15 (23.8%) 

60.9% (42.2% – 79.6%)
56.5% (23.1% – 89.9%)

0.999

Age
   ≤70 
   >70

35 (55.6%)
28 (44.5%)

67.5% (47.6% – 87.4%)
50.2% (24.0% – 76.3%)

0.572

Nodule
   Single 

   Multifocal
43 (68.3%)
20 (31.7%)

66.6% (50.2% – 88.4%)
43.2% (23.6% – 78.9%)

0.035

Size
   ≤3 cm
   >3 cm

19 (30.2%)
44 (69.8%)

67.0% (36.1% – 97.9%)
56.4% (36.9% – 75.9%)

0.158

AFP 
   ≤400 ng/mL
   >400 ng/mL

51 (81.0%)
12 (19.0%)

68.1% (53.5% – 86.6%)
33.3% (11.6 – 96.1%)

 0.003

Albumin
   ≤35g/L
   >35 g/L

5 (12.7%)
58 (87.3%)

64.1% (46.7% - 81.5%)
40.0% (0.0% - 85.4%)

0.010

PT 
   ≤1.1 INR
   >1.1 INR

43 (68.3%)
20 (31.7%)

75.6% (59.6% - 91.6%)
30.0% (0.0% - 63.6%)

0.010

Bilirubin
   ≤2 mg/mL
   >2 mg/mL

59 (93.7%)
4 (6.3%)

59.7% (42.3% - 77.1%)
0.0% (NA)

0.284

Platelets
 ≤150000/ mm3

 >150000/ mm3
22 (34.9%)
41 (65.1%)

63.0% (33.1% - 92.8%)
63.0% (44.7% - 81.3%)

0.655

MYC status
   Disomic

   Polysomic
   Amplified

17 (26.9%)
34 (53.9%)
12 (19.2%)

61.6% (38.7% - 98.2%)
50.4% (26.0% - 97.5%)
35.7% (15.5% - 82.4%)

0.05

Class of risk
   Low risk
   High risk

51 (80.9%)
12 (19.1%)

70.0% (54.8% - 89.6%)
15.0% (2.8% - 78.8%)

<0.001 reference
6.82 (2.72 
– 17.08) <0.001

a p-values were obtained using the log-rank test for Kaplan-Meier survival curves.    
b  p-values were obtained using the multivariate Cox proportional hazard regression 
model.

Table 2: Univariate and multivariate analysis for OS of 63 patients with HCC.
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(44.4%) were in high risk class; 36-month OS was 66.7 (95%CI=40.9%-
100.0%) and 15.0% (95%CI=2.9%-78.8; p=0.01), respectively.

Thirty-nine (n=39, 90.7%) patients in TNM stage I were in 
the low risk class and 4 (9.3%) in the high risk class; OS rate at 36 
months was 69.4% (95%CI=52.5–91.6%) and 50.0% (95%CI=18.8%-
100.0%; p=0.06), respectively. In TNM stage II, 12 (60.0%) patients 

were in the low risk class and presented an OS at 36 months of 76.4% 
(95%CI=51.4%-100.0%), while 8 (40.0%) patients were in the high risk 
class and reached an OS rate at 36 months of 12.5% (95%CI=2.0%-
78.2%; p=0.009).

Moreover, we calculated the discriminative ability for OS of our 
prognostic model, of the three staging systems (BCLC, CLIP and 

N° of patients (%) N° of events in the class (%) a OS (95%CI) at 36 months p b

Class of risk
   Low
   High

51 (80.9%)
12 (19.1%)

11 (21.6%)
9 (75.0%)

70.0 % (54.8% – 89.6%)
15.0 % (2.8% – 78.8%)

<0.001

BCLC 
   0-A
   B

46 (73.1%)
17 (26.9%)

11 (23.9%)
9 (52.9%)

67.4 % (51.1% – 89.1%)
37.2 % (18.2% – 75.8%)

0.010

CLIP 
   0 36 (57.1%) 8 (22.2%) 71.6% (54.6% - 93.9%) 0.004

   1-2 27 (42.9%) 12 (44.4%) 40.8% (22.7% - 73.1%)
TNM 7th 
   stage I 43 (68.3%) 11 (25.6%) 66.6% (50.2% - 88.4%) 0.035

   stage II 20 (31.7%) 9 (45.0%) 43.2% (23.6% - 78.9%)

apercentage referees to patients at risk in the class.
bp-values were obtained using the log-rank test for Kaplan-Meier survival curves.   

Table 3: Classification and OS (at 36 months) of patients according to our novel clinical and molecular classification, BCLC, CLIP and TNM 7th.
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N° of patients N° of events in the class a OS (95%CI) at 36 months p b

BCLC 0-A
   Low risk class
   High risk class

42 (91.3%)
4 (8.7%)

9 (21.4%)
2 (50.0%)

70.0% (53.2% – 92.1%)
50.0% (18.8% – 100.0 %)

 0.050

BCLC B
   Low risk class
   High risk class

9 (52.9%)
8 (47.1%)

2 (22.2%)
7 (87.5%)

71.1% (43.3% – 100%)
12.5% (2.0% – 78.2%)

 0.036

CLIP 0
   Low risk class
   High risk class

36 (100.0%)
0 (0.0%)

8 (22.2%)
-

71.6% (54.6% - 93.9%)
-

-

CLIP 1-2
   Low risk class
   High risk class

15 (55.6%)
12 (44.4%)

3 (20.0%)
9 (75.0%)

66.7% (40.9% - 100%)
15.0% (2.8% - 78.8%)

0.012

TNM 7th stage I
   Low risk class
   High risk class

39 (90.7%)
4 (9.3%)

9 (23.1%)
2 (50.0%)

69.4% (52.5% - 91.6%)
50.0% (18.8% - 100%)

0.060

TNM 7th stage II
   Low risk class
   High risk class

12 (60.0%)
8 (40.0%)

2 (16.7%)
7 (87.5%)

76.4% (51.4% - 100%)
12.5% (2.0% - 78.2%)

0.009

apercentage referees to patients at risk in the class.       
 bp-value was obtained using the exact log-rank test for Kaplan-Meier survival curves.

Table 4: Reclassification with our clinical and molecular model of patients staged with BCLC, CLIP and TNM 7th.
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AJCC/TNM 7th ed.) and of the same staging systems incorporating our 
novel clinical and molecular model (Table 5). 

CLIP reclassified with our novel clinical and molecular model 
presented the most predictive power compared with others staging 
systems (BCLC, CLIP, AJCC/TNM 7th ed., BCLC reclassified and TNM 
reclassified; (Table 5); the c-index for CLIP reclassified was 73.4% when 
corrected with cross-validation and bootstrapping resampling (n = 
5000) to avoid optimistic assessment (Table 5).

Discussion 
Classifying patients into prognostic groups is important for the 

clinical management of HCC [31]. Currently, the clinical staging 
systems include variables associated with tumor features (e.g., 
tumor size, number of tumor nodules, vascular invasion, and distant 
metastasis) and the severity of liver damage (e.g., protein synthesis 
and detoxification functions, and symptoms of liver decompensation), 
[32]. Moreover, among the different clinical classifications, BCLC has 
endorsed as guideline for the clinical management of HCC patients by 
both EASL and AASLD [38]. Recent surgical series reported that liver 
resection should be offered to patients beyond the limitations defined 
by BCLC [39], and many papers aimed to improve BCLC by using a 
tailored approach for the treatment of HCC [40,41]. Furthermore, after 
molecular targeted therapies were proved to be effective in HCC [42], 
different studies have broadly investigated the genetic background of 
HCC [26,43-45] to improve the clinical management of this chemo-
resistant tumor. 

However, none of the several clinical staging systems proposed 
for HCC included molecular parameters from genetic studies that 
identified molecular classifications for this malignancy [46]. Genome-
wide [44] techniques should provide an estimation of early and long-
term outcomes more accurately than clinical staging systems, but such 
genetic techniques have not found a clear application in a routine 
clinical setting [26,27,43,45,47].

Recently, Hoshida et al. proposed a molecular classification of HCC 
based on gene signatures. The analysis of 603 patients indicated that 
there are three major subclasses of HCC, which the authors defined 
subclasses S1, S2, and S3. HCCs in class S2, characterized by a poor 
prognosis, presented several MYC target genes, suggesting that MYC 
activation is a feature of S2 HCC [48]. Unfortunately, this molecular 
classification failed to provide useful information in clinical practice 
[27]. 

Among the different molecular markers, MYC deregulation has 
been implicated in several tumor pathways [14,49], and we recently 
identified the role of MYC deregulation in survival and recurrence in 
HCC [24]. 

In this study, we proposed a novel clinical and molecular model to 
predict DFS. We combined in a model, HCC biological characteristic 

(MYC status determined by FISH method) and clinical features 
(number of HCC and serum AFP levels) to predict early recurrence 
(before or at 12 months) in patients who underwent curative resection 
for HCC. We developed our model using both continuous score 
(punctual risk of recurrence) and discrete classification (high or low 
risk of recurrence). Our discrete classification demonstrated a clear 
ability to predict the risk of recurrence: in the high risk class, more than 
90% of patients experienced a relapse with a DFS at 36 months of 0%. 

Although recurrence is an important end-point for HCC, we 
investigated the role of our clinical and molecular model regarding OS. 
Indeed, we observed that patients in high risk class had a very poor 
prognosis, with an OS at 36 months of 15%; in comparison, patients in 
low risk class had an OS at 36 months of 70.0% (p<0.001). Furthermore, 
we integrated BCLC, CLIP and AJCC/TNM 7th ed. with our clinical 
and molecular model. Patients classified in the high or low risk classes 
presented a significant difference in terms of OS within specific classes 
of risk for BCLC and CLIP. Of note, patients in BCLC 0-A and low risk 
classes presented a similar OS at 36 months to patients in BCLC B and 
low risk class: 70% and 71.1%, respectively. Likewise, patients in the 
CLIP 0 and low risk classes reached OS comparable to patients in the 
CLIP 1-2 and low risk class. 

To ensure a reliable comparison between staging systems, we 
used the c-index, a measure of discriminative ability ranging from 
50% (model predictions no better than chance) to 100% (perfect 
prediction). Our clinical and molecular model showed a good ability to 
predict prognosis, with a c-index of 70.8%, but we are aware of the risk 
of bias with internal validation. When we compared clinical staging 
systems using different versions of the BCLC, CLIP and AJCC/TNM 7th 
ed. containing our clinical and molecular model, CLIP combined with 
our model showed the best ability to predict survival, as evidenced by 
a c-index of 73.4%.

This study presents several limitations mainly due to the number 
of patients in subgroups resulting low and their limited follow-up. 
Despite these limitations, significant differences between patients at 
low and high risk were detected in nearly all subgroups. Nevertheless, 
we believe that our findings should be confirmed performing an 
external validation of our model on a larger clinical series of patients 
with a prolonged follow-up.

We consider these results a preliminary clinical evidence of the 
effectiveness of our novel clinical and molecular model. Our model 
could provide a better stratification and support physician in the 
decision-making to select patient candidates for surgical resection. 
In this setting it would be useful for a correct allocation of patients to 
appropriate treatment. Importantly, all the variables included in our 
model could be obtained before surgery since the mutational status 
of MYC could be evaluated with needle biopsy of the tumor before 
surgery. 

Conclusions
Number of HCC, serum AFP level and MYC status resulted strong 

predictors of DFS. We propose a novel clinical and molecular model for 
DFS in patients with HCC who have undergone curative resection based 
on MYC gene status and HCC clinical features (the number of nodules 
and the serum AFP level). A graphical representation of our model, a 
nomogram, was created to simplify the clinical use of our prognostic 
model. A binary classification (low and high risk of recurrence) based 
on our model showed a good ability to predict early recurrence. Our 
model proved its prognostic value in predicting OS in univariate and 

c-index Somers’ Dxy
Class model 70.8% 0.416

BCLC 64.6% 0.293
CLIP 68.4% 0.369

TNM 7th 65.6% 0.313
re-classified BCLC 71.4% 0.428
re-classified CLIP 73.4% 0.469

re-classified TNM 7th 69.8% 0.397

Table 5: Comparison between discriminative ability of staging systems with 
concordance of prediction expressed by c-index (in %) and Somers’ Dxy.



Citation: Ruzzenente A, Bagante F, Sandri BSM, Pedrazzani C, Brunelli M, et al. (2016) Risk A Novel Prognostic Score based on Serum Alpha-
Fetoprotein, Number of Nodules, and MYC Gene Status Predicts Prognosis of Patients after Liver Resection for Hepatocellular Carcinoma. 
J Integr Oncol 5: 168. doi:10.4172/2329-6771.1000168

Page 8 of 9

J Integr Oncol
ISSN: 2329-6771 JIO, an open access journal Volume 5 • Issue 2 • 1000168

multivariable analysis. Moreover, our model, when added to clinical 
staging systems (BCLC, CLIP and AJCC/TNM 7th ed.), significantly 
refined the classification of patients with HCC. The information of 
the proposed novel clinical and molecular model could be support to 
clinicians to address patients to the most appropriate surgical therapy 
(resection and transplantation) or to other non-surgical therapies since 
the mutational status of MYC could be evaluated with needle biopsy of 
the tumor before surgery. 
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